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THREADED TUBULAR CONNECTION WHICH IS RESISTANT TO BENDING 

STRESSES 

The invention relates to a threaded tubular connection for a tubular string which 
5 is subjected to dynamic bending loads, comprising a male tubular element provided with 
a male threaded portion and a female tubular element provided with a female threaded 
portion. 

That type of threaded connection is intended for making strings for hydrocarbon 
or the like wells. 

10 In addition to relatively constant (static) axial tensile loads, under the action of 

waves, the wind, the tides and sea currents, strings connecting an offshore platform to the 
sea bed are subjected to variable (dynamic) bending loads. Said loads are transmitted 
from one tube to the next in the string through the threaded connections. 

Figure 3 shows that the last threads of the male element and the female element 

15 are subjected to a maximum bending moment which has to be transmitted in addition to 
the whole of the axial tensile load. 

This results in dynamic tensile loads known as repeated loads at the root of the 
last threads, and more particularly the last male threads, which initiates fatigue cracking 
at that location leading to catastrophic rupture of the string. 

20 International patent applications WO-A-01/75345 and WO-A-01/75346 describe 

solutions for reducing stresses at the roots of said threads, but the resulting improvement 
may prove insufficient. 

Said dynamic loads also cause friction between the parts of the male and female 
elements in contact, leading to cracking due to fretting fatigue. 

25 When one of the tubular elements has an axial abutment surface at its free end 

which abuts against the other tubular element, the abutment that occurs enables to absorb 
part of the bending moment. However, to form such abutment surfaces, it is necessary to 
choose thicker tubes or to increase their thickness locally by upsetting, which introduces 
increased costs. 

3 o The aim of the invention is to overcome these disadvantages thanks to an appro- 

priate distribution of bending loads and optionally of tensile loads. 

The invention also aims to provide spaces to house lubricating grease and the de- 
bris resulting from wear of the surfaces in contact. 

A further aim is to provide sealing surfaces between the threaded portions and the 
35 outside of the threaded connection which do not constitute a source of cracking due to 
fretting fatigue. 

A final aim is to provide multiple sealing surfaces which enable to maintain a seal 
in the event of deterioration of certain thereof. 
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In particular, the invention provides a threaded connection of the type defined in 
the introduction, comprising at least one transfer zone axially disposed between said 
threaded portions and the free end of one of said tubular elements, it being axially spaced 
from said threaded portions in order to transfer a fraction of at least 20%, preferably at 
5 least 30% of the bending moment to which the connection is subjected from one element 
to the other, the male and female elements having respective transfer surfaces in mutual 
contact with a radial interference fit in said transfer zone, at least one of the transfer 
surfaces being an undulated surface defining a series of annular rounded ribs which come 
into interfering contact with the facing transfer surface, the maximum diameter point and 
1 0 the minimum diameter point of the undulation profile being located on respective 
rounded portions of the profile. 

Optional characteristics of the invention, which may be complementary or be by 
substitution, are given below: 

• said free end of one of the tubular elements has a front surface which is 
1 5 free of contact with the other tubular element; 

• the axial length of the transfer zone is selected so as to limit the contact 
pressure resulting from transferring the bending moment to a fraction of 
the yield strength of the material to less than 1 and preferably less than 
0.5; 

2 0 • said male and female transfer surfaces are lubricated; 

• said facing transfer surface is a smooth surface; 

• said undulated surface is not in contact with said smooth surface between 
said ribs; 

• said two transfer surfaces are undulated surfaces; 

25 •the ribs of one transfer surface are housed between the ribs of the facing 

transfer surface; 

• said undulated surface or surfaces has/have a periodic profile; 

• said periodic profile is asymmetric; 

• said profile forms part of the male transfer surface and is defined by a first 
30 convex rounded portion containing a point with a maximum profile di- 
ameter, by a second concave rounded portion containing a point with a 
minimum profile diameter and which is tangential to the first rounded por- 
tion, and by a third convex rounded portion which is tangential to the first 
and second rounded portions and which has a radius which is substantially 

3 5 larger thereof; 

• the second rounded portion has a larger radius than the first rounded por- 
tion; 

• starting from the free end of the male element, the axial distance between 
a maximum profile diameter point and the following minimum diameter 
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point of the profile is less than the axial distance between a minimum pro- 
file diameter point and the following maximum diameter point of the pro- 
file; 

the third profile is located between a minimum profile diameter point and 
the following maximum diameter point of the profile; 
the radii of said rounded portions containing the points of maximum pro- 
file diameter and of minimum profile diameter are at least equal to 0.4 
mm. 

the axial distance between 2 consecutive points of maximum profile di- 
ameter is at least equal to 1 mm and the axial distance between 2 consecu- 
tive points of minimum profile diameter is at least equal to 1 mm. 
said radial interference fit is substantially constant from one rib to the 
other; 

said radial interference fit is about 0.4 mm in diameter for a nominal 
threaded element diameter of 177.8 mm; 

said transfer surfaces are in mutual metal/metal sealing contact; 
a sealing material in the form of a coating or of an added ring is inter- 
posed between the metal surfaces of the male and female elements in the 
transfer zone; 

the male and female transfer surfaces or their envelopes form part of ta- 
pered surfaces; 

the transfer surfaces or their envelopes are inclined with respect to the 

connection axis by an angle comprised between 0.5 and 5°. 

said undulated surface has a roughness Ra < 3.2 micrometers. 

said transfer zone is axially disposed between said threaded portions and 

the free end of the female element; 

the male transfer surface is adjacent to the regular portion of a great length 
tube at one end of which the male tubular element is formed; 
said undulated surface and said smooth surface form part of the male and 
female elements respectively; 

the outer peripheral surface of the female element has a depression which 
locally reduces its external diameter facing the transfer zone; 
said depression has an axially extending concave curvilinear profile facing 
the transfer zone and either side thereof, said external diameter being 
minimal substantially facing a median point of the transfer zone and in- 
creasing progressively to either side of said point; 

said curvilinear concave profile is connected to a chamfer adjacent to the 
free end of the female element; 
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• said minimum external diameter is such that the bending inertia of the fe- 
male element in the plane of said minimum diameter is at least equal to 
the product of the bending inertia I Z z of the regular portion of a great 
length tube at one end of which the male tubular element is formed and 

5 the fraction f of the bending moment to be transferred; 

• said concave curvilinear profile has a radius of curvature of at least 50 
mm and preferably at least 100 mm; 

• the female element forms part of a short coupling each end of which is 
provided with a female threaded element which can receive a male 

10 threaded element forming part of a great length tube for connecting the 

two tubes. 

The invention also provides a process to improve the resistance to fatigue of a 
threaded tubular connection subjected to dynamic bending loads, said connection 
comprising a male tubular element with a male threaded portion and a female tu- 

1 5 bular element with a female threaded portion, characterized in that the connection 

comprises at least a transfer zone axially located between said threaded portions 
and the free end of one of said tubular elements while being axially spaced from 
said threaded portions so as to transfer from one element to the other element a 
fraction at least equal to 20 % of the bending moment undergone by the connec- 

2 0 tion, the male and female elements having in said transfer zone respective transfer 

surfaces which are in mutual contact and interfere radially, one at least of the 
transfer surfaces comprising means suited for spacing radially the contact loca- 
tions from the section where the stresses applied to the connection run, in particu- 
lar in the form of a series of rounded annular ribs. 

2 5 The characteristics and advantages of the invention will now be described in more 

detail in the following description, made with reference to the accompanying drawings. 

Figure 1 is an axial half-sectional view of a threaded tubular connection of the in- 
vention; 

Figure 2 is a partial axial sectional view on a larger scale of the male element of 
30 the threaded connection of Figure 1, showing a portion of the male transfer surface; 

Figures 3 and 4 are explanatory diagrams illustrating the distribution of bending 
moments along the male element and the female element for a prior art threaded 
connection and for a threaded connection of the invention respectively. 

The threaded tubular connection shown in Figure 1 comprises a male tubular 
35 element 1 and a female tubular element 2 provided with respective tapered threaded 
portions 3, 4 which cooperate for mutual makeup of the two elements. The element 1 is 
formed at one end of a great length tube 1 1 and element 2 is formed at one end of a 
tubular coupling 12 for connecting two tubes similar to 11. A plurality of tubes similar 
to 1 1 each one of which has two threaded elements similar to 1 at its ends can then be 
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connected together through couplings similar to 12 each one of which has two threaded 
elements similar to 2 at its ends to form a string of tubes for an oil well, for example. 

In the example shown, tube 1 1 has between its two male elements i.e. over the 
major portion of its length, termed the regular portion, a uniform external diameter ED of 
5 177.8 mm (7 inches) which represents the nominal diameter of the threaded connection. 
The values for the dimensions given below take this nominal diameter into account and 
can vary therefrom. 

According to the invention, the threaded tubular connection has a transfer zone 
which is axially defined by transverse planes PI and P2, in which the male and female 

10 elements are in mutual contact through respective annular transfer surfaces 5, 6 of 
revolution around the axis A of the threaded portions; they have well defined profiles. 

The profile of surface 5 is shown in Figure 2. The profile is an undulated peri- 
odic profile defined by repetition of a motif formed by three mutually tangential circular 
arcs, namely a first arc Al which is outwardly convex, i.e. the concavity of which is 

15 turned towards the axis A, passing through a point P M with a maximum profile diameter, 
a second concave arc A2 (the concavity of which is turned radially outwardly) passing 
through a point P m with a minimum profile diameter, and a third convex arc A3, the radii 
of said three arcs being respectively 0.8, 1 .6 and 8 mm in the example shown. The 
profile of surface 5 is also asymmetric, the axial distance di between a point Pm with a 

2 0 maximum profile diameter and the following minimum diameter point P m , starting from 
the free end 7 of the male element, i.e. from the right in Figure 2, being less than the 
axial distance d2 between the point P m and the following maximum diameter point P' M of 
the profile. The distances di and d 2 in this case are about 1 mm and 2 mm respectively. 

The profile of surface 5 is generally inclined with respect to axis A, the straight 

25 lines 13 and L4 being respectively tangential to the set of arcs Al and to the set of arcs 
A2, and thus constituting the outer and inner envelopes of said profile, being inclined at 
2° with respect to said axis, growing closer thereto in the direction of the free end of the 
male element. Because of said inclination, the terms "maximum diameter point" and 
"minimum diameter point" refer to maximum and minimum diameters which are relative 

30 rather than absolute. The amplitude of the undulations in surface 5, i.e. the radial 
distance e between lines L3 and L4, is 0.2 mm. 

The surface 6 of the female element facing surface 5, not shown in detail, is a ta- 
pered smooth surface the slope of which is equal to that of lines L3 and L4, so that the 
peaks of the different annular ribs 7 defined by surface 5 come into simultaneous contact 

35 with surface 6 when screwing the male threaded portion 3 into the female threaded 
portion 4. Advantageously, the dimensions of surfaces 5 and 6 are such that radial 
interference occurs at the end of screwing between the peaks of the ribs and the surface 6, 
said radial interference fit, i.e. the difference in diameter between the male and female 
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elements measured prior to coupling at points which will come into interfering contact 
after makeup, being uniform from one rib to the other and advantageously being 0.4 mm. 

Because of the undulated profile of surface 5, the contact surfaces between the 
crests of the ribs 7 and the surface 5 are radially spaced from the section defined between 
5 the cone the generatrix of which is L4 (internal envelope of the ribs) and the opposed 
peripheral surface (internal) of the male element 1 where the stresses applied to the 
connection are fully exerted (i.e. where they run), improving thus the resistance to fatigue 
of said connection when it is subjected to dynamic bending loads. 

Too small an axial distance di + d2 (corresponding to the pitch of the ribs), for 

10 example smaller than 0.5 mm does not easily enable to form a sufficient undulation 
amplitude for the rounded portions under consideration. For that reason it is preferable to 
have an axial distance di + d.2 over 1 mm. Nevertheless too large an axial distance di + d 2 
does not allow to house several ribs in the transfer zone unless said transfer zone is 
extended in an excessive way which is not cheaply produced. 

15 Too small an inclination (lower than 0.5 °) of the lines L3, L4 makes difficult the 

sliding of the surfaces 5, 6 one against each other during make up of elements 1, 2 in 
particular because of the desired interference between the surfaces. An inclination above 
or equal to 1° is even preferable. An inclination above 5° is not desirable because it 
reduces too much the critical section of the male element 1 (minimum section of the 

2 0 element on which the whole of the axial loads are exerted on the connection) with respect 
to the section of the regular portion of the tube 1 1 and in consequence the efficiency of 
the connection. 

Too low an undulation amplitude, for example lower than 0.5 mm does not allow 
to distance the section contacts where the axial stresses are exerted neither does it allow 

2 5 to store the wear debris as will be seen further on. 

Too big an undulation amplitude reduces the critical section with the drawbacks 
mentioned above. 

Moreover because of the undulated profile there remains between surfaces 5 and 
6, between two consecutive ribs 7 annular spaces which can receive lubricating grease 

3 0 and/or debris formed by wear of the threaded elements during dynamic loadings. 

Further, each rib 7 defines an annular sealing contact surface with the surface 6, the 
multiplicity of said sealing surfaces reducing the risk of loss of a seal between the 
threaded portion zone 3, 4 and the outside of the threaded connection. This seal can be 
produced by direct contact of the constituent metallic materials of the male and female 
3 5 elements. In a variation, a sealing material such as an elastomer or a softer metal than 
that of the male and female elements (for example copper on steel) may be interposed 
between the substrate materials in the form of a coating or of an added ring. A further 
possibility consists of subjecting one and/or other of the contact surfaces to a surface 
treatment which encourages a seal. 
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Too small a radial interference between the crests of the ribs and surface 6 does 
not allow a seal between surfaces 5 and 6. Too large a radial interference risks inducing 
galling between surfaces 5 and 6 during make up, which galling is detrimental to the 
behavior to fatigue of the connection and to the seal between surfaces 5 and 6. 
5 In order to obtain a good seal between surfaces 5 and 6, it is preferable to master 

the roughness of said surfaces. A roughness Ra > 3.2 micrometers is not desirable. For 
instance one can choose a roughness Ra < 1 .6 micrometers. 

The advantages of the invention are particularly well illustrated in Figures 3 and 
4, the top part of each of which shows a half-sectional view of the male element of a 
1 0 threaded tubular connection and the lower portion of which shows curves representing 
the variation along the axis A of the connection of the bending moments experienced by 
the male and female elements. 

In Figure 3, which pertains to the prior art, male threaded portion 3 extends from 
a transverse plane P3 close to the free end 8 of the male element 1 to a transverse plane 
15 P4 which is directly followed by the regular portion 21 of the tube 1 1 to which the male 
element 1 belongs. When a bending load is applied to the tubular connection of which 
element 1 forms a part, this latter experiences a bending moment which varies along the 
axis A, following the curve CI, shown as a straight line. This moment M has a maxi- 
mum value Mo in the plane P4. Conversely, the bending moment experienced by the 
2 0 female element, not shown, varies as the curve C2, shown as a straight line, that moment 
being zero in the plane P4 and increasing progressively in the direction of the free end 8. 

In Figure 4, which pertains to the invention, the bending moment M experienced 
by the male element 1 takes a maximum value Mo in the plane P2 which separates the 
transfer surface 5 and the regular portion 21 of the tube 11. The bending moment 

2 5 experienced by the threaded portion 3 has a maximum value Mi in the plane P4 which 

defines the threaded portion 3 opposite the free end 8 of the male element. The further 
the transfer zone 5, 6 is spaced from threaded portions 3, 4, and as a result from plane P2 
and plane P4, the lower the value Mi with respect to the value Mo. 

In the case shown in Figure 4, the maximum diameter of the transfer surface 5 is 

3 0 equal to the diameter of the regular portion 21 of the tube 1 1 . 

The example below illustrates the manner by which the axial position of the 
transfer zone can be determined to obtain the effects sought by the invention. 

We shall calculate the distance d between the centre of the transfer zone and the 
centre of the threaded portions to transfer a fraction f = 0.5 of the bending moment 
3 5 experienced by the connection from one element to the other. This distance is given by 
equation (1), in which F represents the force on the transfer zone resulting from the 
bending moment and M max represents the maximum value of the bending moment which 
can be applied without permanent deformation of the connection: 
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d = f * M - (1) 
F 

The value M max is given by equation (2) (the formula for the strength of a mate- 
rial) in which YS represents the yield strength of the material of the connection, Izz 
represents the inertia of the cross section of the connection and OD represents the 
external diameter of the regular portion 21 of the tube 11: 

Izz is provided by equation (3), in which ID represents the internal diameter of the 
threaded connection: 

Izz = (ti/64).(OD 4 - ID 4 ) (3) 



F equals the product of an area S of the transfer zone and the maximum pressure 
stress to be applied to this zone, which equals the yield strength YS multiplied by a 
fraction F which must not be exceeded. 

S is the projection in an axial plane of the surface area in contact in the transfer 
1 5 zone, and is given by equation (4) in the case of a tapered transfer zone in which Di is the 
diameter of the cylindrical surface 17 (Figure 1) of the female element 2 connecting the 
threaded portion 4 and the transfer surface area 6, and a is the apex half-angle of the 
tapered surface containing the transfer surfaces 5, 6 and/or their envelopes: 



g _ (OD + Di)(OD-Di) 

4»tga " (4) 

Starting from the following data: 



OD = 177.8 mm 

25 ID = 157.08 mm 

Di = 175.95 mm 

YS = 551 MPa 

f ■ = 0.5 

f = 0.3 
30 a 2° 



the following values can be calculated: 
M max = 119 x 10 6 N.mm 

S = 4685 mm 2 
35 D 76.8 mm 
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In the example shown in Figure 1, this distance represents substantially 150% of 
the axial length of the female threaded portion, which is 51 mm, the axial length of the 
transfer zone being 1 3 .2 mm. 

More particularly but not exclusively in the case shown in Figure 1 in which the 
5 female element forms part of a coupling, the invention also encompasses reducing the 
thickness of said element, in the region facing the contact surfaces 5 and 6, to increase its 
flexibility. To this end, a depression 13 is formed on the outer peripheral surface 14 of 
the coupling, said depression having the profile of a large radius concave circular arc 
(more than 50 mm), in this case equal to 150 mm. This depression defines a minimum 
10 external diameter Dm facing a median point P of the transfer zone 5, 6, the external 
diameter increasing progressively either side of said point. Opposite the free end 15 of 
the element 2, the depression 13 connects to the cylindrical portion, with a maximum 
diameter, of the external surface 14. On the free end 15 side, the depression 13 connects 
to a chamfer 16 adjacent to the end 15. Advantageously, the minimum diameter of said 
15 chamfer, i.e. the diameter of element 2 at the junction between the chamfer 16 and the 
end face 15, is substantially equal to the diameter Dm of the bottom of the depression. 

The diameter Dm is also selected so as not to have the bending inertia of the fe- 
male element in the corresponding plane less than the product of the bending inertia I Z z 
of the regular portion of the tube 11 and the fraction f of the bending moment to be 
2 0 transferred. 

While the transfer zone of the invention has been described in combination with a 
depression on the outer surface of a coupling, the transfer zone can be produced inde- 
pendently of the depression, in particular in the case of a connection which is termed an 
integral connection in which the male and female elements both form part of great length 
25 tubes. 



